The frequently observed lopsidedness of the distribution of stars and gas in disc galaxies is still considered as a major problem in galaxy dynamics. It is even discussed as an imprint of the formation history of discs and the evolution of baryons in dark matter haloes. Here, we analyse a selected sample of 70 galaxies from the Westerbork H i Survey of Spiral and Irregular Galaxies. The H i data allow us to follow the morphology and the kinematics out to very large radii. In the present paper, we present the rotation curves and study the kinematic asymmetry. We extract the rotation curves of receding and approaching sides separately and show that the kinematic behaviour of disc galaxies can be classified by five different types: symmetric velocity fields where the rotation curves of receding and approaching sides are almost identical; global distortions where the rotation velocities of receding and approaching side have an offset which is constant with radius; local distortions which lead to large deviations in the inner and negligible deviations in the outer parts (and vice versa); and distortions which split the galaxies into two kinematic systems, visible in the different behaviour of the rotation curves of receding and approaching sides, which leads to a crossing and a change in side. The kinematic lopsidedness is measured from the maximum rotation velocities, averaged over the plateau of the rotation curves. This gives a good estimate of global lopsidedness in the outer parts of the sample galaxies. We find that the mean value of the perturbation parameter denoting the lopsided potential as obtained from the kinematic data is 0.056. 36% of all sample galaxies are globally lopsided, which can be interpreted as the disc responding to a halo that was distorted by a tidal encounter. In Paper II, we study the morphological lopsidedness for the same sample of galaxies.
Introduction
It has been known for many years that the discs of galaxies often show a large-scale asymmetry in their morphology. Prominent examples are M 101, NGC 891 and NGC 4565 . This asymmetry was for the first time described by Baldwin et al. (1980) and was defined as 'lopsidedness' by these authors. The first systematic study was done 15 years later by Rix & Zaritsky (1995) who investigated near-infrared images of a sample of disc galaxies and characterised lopsidedness in the stellar distribution by the m = 1 mode of a Fourier analysis. They found that at least 30% of the stellar discs of galaxies are significantly lopsided. A comparable study of gaseous discs was difficult to obtain since spatially resolved maps of a large sample were not available. Therefore, Richter & Sancisi (1994) investigated a large number of integrated H i spectra and found that up to 50% show an asymmetric global H i profile interpreted by lopsidedness. The advantage of this method is that it is relatively easy to analyse a large dataset. However, it is not clear whether an asymmetric H i profile is caused by an asymmetric gas distribution or by kinematic lopsidedness. The first two-dimensional Fourier decomposition of H i surface density maps, analogous to the stellar studies (e.g., by Rix & Zaritsky 1995) , was done by Angiras et al. (2006) ; Angiras et al. (2007) , who showed that the HI gas distribution in group galaxies is highly lopsided. For more details on lopsided galaxies see the review by Jog & Combes (2009) 
Lopsidedness is observed not only in the morphology of galaxies, but also in the kinematics. Rotation curves are usually derived to obtain the mass distribution in a galaxy that is rotationally supported (e.g., Binney & Tremaine 1987) . The typical assumption is that the rotation curves are azimuthally symmetric. However, observations show local deviations from a smooth circular rotation of a few km s −1 , which are contributed to streaming motions caused by spiral arms (Shane & BiegerSmith 1966) or bars (Rhee et al. 2004 ). In addition, it was shown by Huchtmeier (1975) that the rotation curves derived from the two halves of a galactic disc are also asymmetric on large scales. The difference in the rotation velocities was found to be ≥ 20 km s −1 . Most recent studies reveal that large-scale kinematic asymmetries are a common phenomenon, as shown by H i studies (e.g., Kannappan & Fabricant 2001; Swaters et al. 2009 ) and also by Hα studies (e.g., the GHASP work by Epinat et al. 2008 ).
The origin of the asymmetry in the rotation curves has also been addressed theoretically (Jog 2002) , where it is shown that the global asymmetry in the rotation curves as well as in the morphology can be caused by the stars and the gas in a galactic disc responding to an imposed distorted halo potential. Even a small lopsided perturbation potential results in highly disturbed kinematics (Jog 1997 (Jog , 2002 ) which should therefore be easy to detect.
An estimate of the perturbation in a lopsided potential that gives rise to the kinematic lopsidedness can be retrieved from the rotation curves of receding and approaching sides. Therefore, it is crucial to accurately define the kinematic parameters, i.e., the systemic velocity, the coordinates of the dynamic centre, the inclination and the position angle. As the perturbation parameter for the lopsided potential is calculated from the maximum rotation velocities, sensitive data which trace the gas up to large radii, where the rotation curve ends in a plateau, are needed. Interferometric H i observations are best suited for this kind of study.
In this first of two papers we introduce the sample, derive rotation curves by performing a tilted-ring analysis and try to quantify the kinematic lopsidedness. The morphological lopsidedness will be analysed in a second, companion paper (van Eymeren et al. 2011 , Paper II from now on).
This paper is organised as follows: in Sect. 2 the data selection process is explained, in Sect. 3 we describe the data analysis. In Sect. 4 we present the results, which is followed by a discussion in Sect. 5 and a brief summary in Sect. 6.
Sample selection
This paper is based on data from the Westerbork H i Survey of Spiral and Irregular Galaxies (WHISP 1 ). A detailed description of the survey and the data reduction process is given in Swaters et al. (2002) . Three cubes of different spatial resolution per galaxy were produced by the WHISP team, a full resolution cube, one cube smoothed to 30 × 30 and one cube smoothed to 60 × 60 . In order to combine reasonably high spatial resolution with sufficiently high signal to noise, the following analysis is based on the 30 × 30 data.
We only included galaxies with inclinations ranging between 20
• and 75
• . This range has been chosen for the following reasons: the velocity information extracted from a nearly faceon galaxy is reduced, which results in a larger uncertainty in measuring the inclination. On the other hand, a nearly edge-on galaxy will provide reliable velocity information, but the surface density map will not be suitable for the analysis of the morphological lopsidedness. Therefore, the above mentioned range of inclinations seemed to be a good compromise.
In order to be able to measure lopsidedness out to large radii, we further limited the sample to galaxies with the ratio of the H i diameter over the beam size being larger than 10, using the 30 × 30 data. From the resulting sample we had to eliminate about 30 galaxies either because the signal to noise ratio was low causing the H i intensity distribution to be very patchy or because the velocity field was too distorted to allow for an analysis on global scales. This also excluded galaxies with pronounced warps, visible in the morphology of the nearly edge-on cases or in the velocity field of galaxies of low inclination. This left us with 70 galaxies. Some general properties of the final sample galaxies are given in Table 1 .
In order to make sure that these selection criteria do not bias our sample towards bright objects and only certain morphological types, we had a look at the range of absolute B-magnitudes and morphological types. We found that the galaxies are evenly distributed over -23 to -15 B-magnitudes (Fig. 1, upper panel) . We cover a whole range of morphological types with a few earlytype spirals and with an increasing number density towards latetype spiral and irregular galaxies (Fig. 1, middle galaxies show emission which is extended out to 1 to 4 R 25 (Fig. 1, lower panel) . However, our sample also covers a few galaxies whose H i emission could be detected out to 6 to 10 R 25 (R 25 being the apparent optical radius).
Data analysis
The data analysis is based on routines within the Groningen Image Processing System (GIPSY 2 , van der Hulst et al. 1992). Notes: (1) galaxy name from the UGC catalogue; (2) other common names; (3) morphological type following the classification by de Vaucouleurs (1979) ; (4) and (5) (2008)); (8) apparent radius (HyperLeda); (9) outer H i radius as defined in this paper.
Tilted-ring analysis
The calculation of the kinematic lopsidedness requires the knowledge of the kinematic parameters of each galaxy. Therefore, a tilted-ring analysis of the velocity fields created from the peak value of the H i line profiles was performed (GIPSY task rotcur). The following steps were carried out: initial estimates for the centre coordinates x 0 and y 0 , the inclination i, and the position angle PA were obtained by fitting ellipses to the H i intensity distribution out to 3σ (GIPSY task ellfit). The systemic velocity v sys was taken from NED. These values were then fed into rotcur and iteratively processed, always for a combination of receding and approaching side (see, e.g., van Eymeren et al. 2009 ). The width of the rings was chosen to be half the spatial resolution, i.e., 15 . Note that all pixels along a ring have equal weights. The expansion velocity v exp was fixed to zero. We fixed all parameters except for the systemic velocity that was allowed to vary with radius. After running rotcur, a mean value of v sys was calculated and fed into rotcur as a now best-fitting and fixed value. In this way, we calculated best-fitting values for v sys , x 0 and y 0 , i, and PA (in the here given order). In a final run, we used the best-fitting values for all parameters, kept them fixed for all radii, and derived the rotation velocities for a combination of receding and approaching side.
As the velocity fields of many galaxies look quite asymmetric, we also derived rotation curves for both sides separately. The systemic velocity v sys and the centre coordinates x 0 and y 0 were fixed to the values derived in the first run for a combination of receding and approaching side. Inclination and position angle were calculated for each side separately and iteratively, as described above.
As a last step, we checked how well the derived parameters describe the observed velocity fields. Therefore, we created model velocity fields by using the parameters from the final rotcur run. Subsequently, the model was subtracted from the original velocity field. Typically, the residuals are of the order of a few km s −1 , which means that the derived parameters describe the kinematics of the observed galaxies quite well. However, some of the nearly face-on galaxies show very disturbed velocities indicating a warp, which cannot be described by a set of parameters that is constant with radius. On the other side, we also found some almost edge-on galaxies, which show signs of warps in their outer morphology, whereas the velocity field is not affected at all. As already mentioned in Sect. 2, all these galaxies have been removed from the final sample.
Warps in highly-inclined galaxies can easily be detected by looking at the change of scale-height with radius (Schwarzkopf & Dettmar 2001; García-Ruiz et al. 2002) . In galaxies with low inclination, lopsidedness would dominate the morphological shape so that we can be sure that the contribution of a potential warp is small along the line of sight unless the velocity field is globally twisted as mentioned above. More problematic are the galaxies with intermediate inclination. Here, some contamination from warps while measuring lopsidedness is quite likely.
The large-scale structure of warps has been classified as U-, S-, N-, and L-shaped (e.g., Reshetnikov & Combes 1998; García-Ruiz et al. 2002) . The first three still cause a symmetric distribution of the gas (or the stars), whereas the latter results in an asymmetric distribution, i.e., the kind of distribution we want to study. This means that for L-shaped warps it is difficult to clearly separate warpiness from lopsidedness (at intermediate inclination). However, optical studies by Schwarzkopf & Dettmar (2001) or Sánchez-Saavedra et al. (2003) and H i studies by García-Ruiz et al. (2002) show that the fraction of galaxies harbouring L-shaped warps is small in comparison to galaxies showing U-or S-shaped warps or no warp at all.
Kinematic lopsidedness
Under the assumption that lopsidedness occurs as a disc response to a distorted halo, which was caused by a galaxy interaction, an estimate of the lopsided perturbation potential that gives rise to the kinematic lopsidedness can be retrieved from the maximum rotation velocities of the sample galaxies (Jog 2002) :
where v rec and v appr are the maximum rotation velocities, as measured from the plateau of the rotation curves of the receding and approaching sides respectively, v c is the maximum rotation velocity as measured from the plateau of the combined rotation curve, and kin is the perturbation parameter that denotes the lopsided potential. In many galaxies the rotation curves are flat in the outer parts. However, in some galaxies the rotation curves are still rising at the outermost points. In those cases we took the highest value of v c , which resulted in an upper limit for kin .
Results

Rotation curves -an overview
Figures A.1 to A.3 show the rotation curves of all sample galaxies. Black symbols represent the rotation velocities derived by combining receding and approaching sides, blue and red symbols represent the rotation velocities of approaching and receding sides respectively. Swaters et al. (1999) have already shown a type of velocity field in spiral galaxies where receding and approaching sides are distinctly different, e.g., one side keeps rising while the other side declines (see their Fig. 2 ). This case is here catalogued as Type 5. Beyond this, we have found four additional types of rotation curves, which are discussed below. We give examples for each type in Fig. 2 .
Type 1 For 13 galaxies (about 19% of the whole sample), receding and approaching sides are in very good agreement indicating a very symmetric velocity distribution. Fig. 2 , upper row shows as an example the late-type spiral galaxy UGC 6446. Its velocity field (left panel) is very smooth and shows the typical spider pattern. The derived rotation velocities for receding and approaching sides (right panel) only differ marginally.
Type 2 For 23 galaxies (about 33% of the whole sample), receding and approaching side have a constant offset. As an example we show the irregular dwarf galaxy UGC 2080 (Fig. 2, second row) . There are no local asymmetries in the velocity field, but a global offset of the iso-velocity contours.
Type 3 In 10 galaxies (i.e., in 14% of all cases), receding and approaching sides are in good agreement at small radii, but show increasing differences at larger radii. A good example is the irregular dwarf galaxy UGC 9211 (Fig. 2, third row) . Whereas the rotation velocities extracted from the approaching side form a typical rotation curve with a slow rise in the inner parts and a plateau in the outer parts, the rotation velocities extracted from the receding side start to decline significantly from a radius of 6 R 25 on. The velocity field shows gas which seems to be attached to the north-western part of the galaxy and probably causes the unexpected shape of the rotation curve of the receding side.
Type 4 We detected seven cases (which corresponds to 10%) where receding and approaching sides agree well in the outer parts, but differ significantly in the inner parts. A good example is the barred spiral galaxy UGC 8863 (Fig. 2, fourth row) . The velocity field shows a bar-like feature in the inner parts, which probably leads to these large discrepancies between receding and approaching sides.
Type 5 Last but not least we found 17 galaxies (corresponding to 24%) with differences between receding and approaching sides both in the inner and the outer parts. However, the curves change in that the rotation velocities of both sides "meet" and the decreasing side keeps decreasing, whereas the increasing side keeps increasing, which means that the sides flip. As an example we show the rotation curves of the spiral galaxy UGC 7353 (Fig. 2, lower row) . At a radius of about 0.8 R 25 the rotation velocities extracted from the approaching side strongly increase, while the rotation velocities extracted from the receding side stay almost constant. The velocity field reveals two systems, an inner one which rotates more quickly in comparison to the outer one. This probably causes the change in the behaviour of the rotation velocities of both sides.
Rotation curves -notes on individual galaxies
We now want to discuss a few peculiar rotation curves in more detail. We only concentrate on galaxies which are not included in the sample by Swaters et al. (2009) .
UGC 1249 shows a constant offset of 50 km s −1 between the rotation curves of receding and approaching sides and is therefore classified as Type 2 galaxy. The velocity field reveals a close companion in the north, UGC 1256, which is at least twice as massive as UGC 1249. Both galaxies seem to interact with each other. While UGC 1249 is strongly affected by this process, UGC 1256 appears to be not lopsided at all (therefore classified as Type 1).
UGC 1317 is in a group with four other galaxies (UGC 1280, UGC 1286, UGC 1305, and UGC 1310). It shows a declining rotation curve in the outer parts. Receding and approaching sides are offset by about 50 km s −1 at all radii, which classifies this galaxy as Type 2.
UGC 1501 is very symmetric in the inner parts, but shows distortions in the outer parts (Type 3). The velocity field reveals gas which seems to be attached to the western edge. Therefore, gas accretion might be the possible cause of the lopsidedness.
UGC 2855 has a close companion, UGC 2866, which is three times less massive. UGC 2855 shows a tail in the north-western part and additional gas attached to the southern edge. Receding and approaching sides are in good agreement in the inner parts. However, in the outer parts, the approaching rotation curve shows a decline, whereas the receding one slowly increases (Type 3). The difference in velocity is more than 50 km s −1 . UGC 4173 is very slowly rotating with only 36 km s −1 (there is only one more galaxy, UGC 2034, in our sample which shows an even lower rotation velocity of about 24 km s −1 ). Receding and approaching sides differ by about 10 km s −1 across the whole radial range (Type 2). The most remarkable thing about this galaxy is the extent to which we detect the neutral gas, which is out to almost 10 R 25 . Other examples are UGC 9211 (about 9R 25 ), UGC 11707 (about 7R 25 ), and UGC 11852 (about 6R 25 ). Typically, the H i disc is twice as extended as the optical disc in a normal spiral galaxy (Briggs et al. 1980 ). Irregular galaxies can have a more extended H i distribution (e.g., Huchtmeier et al. 1981) . However, only one other case of an H i disc, as extended as UGC 4173, has been published so far, which is NGC 3714 (Gentile et al. 2007) .
UGC 4458 also reveals a close companion, which is quite mass-poor (about six times less massive than UGC 4458). The offset between receding and approaching sides is visible at all radii (Type 2) and very large with 100 to 150 km s −1 . In fact, the rotation velocities are unusually high with values of about 550 km s −1 (approaching side) and 350 km s −1 (receding side) at 0.75 R 25 , decreasing at larger radii to 400 and 300 km s −1 respectively. However, note that the inclination is very low. From the velocity field it seems that UGC 4458 interacts with its small companion.
UGC 5251 is classified as Type 5. In both the inner and outer parts, receding and approaching sides are offset by about 50 km s −1 with a change of sides at a radius of 1 R 25 . The velocity field is highly asymmetric.
UGC 5532 also shows unusually high rotation velocities with a constant offset of about 50 km s −1 between receding and approaching sides (Type 2). No close companion could be detected on the H i image. This galaxy has also been observed by the GHASP 3 team who derived a similarly looking rotation curve from the Hα velocity field (Epinat et al. 2008) .
UGC 7256 is an extreme case of Type 5 as the rotation velocities of receding and approaching sides change sides several times. The velocity field of UGC 7256 looks slightly warped. Additionally, we located a small H i cloud nearby.
UGC 7353 is also classified as Type 5 as receding and approaching sides change sides at a radius of about 0.8 R 25 . The offset in the outer part is about 50 km s −1 , it varies in the inner 3 Gassendi HAlpha survey of SPirals Fig. 2 . Velocity fields and rotation curves of some example galaxies representing five different types of velocity patterns. From top to bottom: UGC 6446 (Type 1: receding and approaching sides agree at all radii), UGC 2080 (Type 2: receding and approaching sides have a constant offset), UGC 9211 (Type 3: receding and approaching sides agree well at small radii, but differ significantly at large radii), UGC 8863 (Type 4: receding and approaching sides differ at small radii, but agree well at large radii), UGC 7353 (Type 5: the curves of receding and approaching sides change sides). parts, but is generally smaller. H i gas was detected at the eastern edge, a very small companion is located to the north-west. UGC 10470 shows a second rise of the rotation curve at 2.5 R 25 . The rotation curves of receding and approaching sides are offset by about 40 km s −1 at all radii (Type 2). The combined rotation curve of UGC 12082 lies above the rotation curve for receding and approaching side separately. This is due to the very low inclination.
UGC 12754 reveals a declining rotation curve at large radii. The rotation velocities of receding and approaching sides differ in the inner parts and are mainly comparable in the outer parts (Type 4).
Kinematic lopsidedness
As we could show in the previous section, the rotation curves of galaxies allow us to examine the kinematic lopsidedness. The rotation curves of most galaxies end in a plateau so that it is possible to derive a perturbation parameter in the lopsided potential that is measured from the kinematic data, kin , from the maximum rotation velocities (see Sect. 3.2). As already mentioned in Sect. 3.2, kin only gives us an estimate as the maximum rotation velocities are not always well defined. In Table 2 , last column, we list kin for all sample galaxies. Figure 3 shows the distribution of kin . Although the mean was calculated to be about 0.056, it becomes obvious that most galaxies have values far below the mean, which means that the kinematic lopsidedness is generally quite low. In fact, more than 60% of all sample galaxies show values for the perturbation parameter for the potential kin to be below 0.056.
Discussion
We analysed the rotation curves of 70 spiral and irregular galaxies. In many cases, the rotation curves extracted from receding and approaching sides separately differ significantly. Galaxies of Type 2 (like UGC 1249 or UGC 1317), where receding and approaching sides are offset at all radii, either have a more massive companion or are part of a group of close companions. Type 3 galaxies, i.e., galaxies which are kinematically symmetric in the inner parts, but asymmetric in the outer parts (just from comparing the rotation velocities of receding and approaching sides), often show close companions, which are typically less massive, or small H i clouds. Close companions are also seen for Type 5 galaxies. In this class, the curves of receding and approaching sides show a different behaviour and therefore cross each other and change sides. This indicates that the detailed kinematic asymmetry including the spatial extent of lopsidedness strongly depends on the environment of galaxies. Type 2 and Type 5 galaxies show lopsidedness at all radii. This is expected if the disc responds to a halo that was distorted by a tidal encounter Jog (1997) . As those two types of galaxies form 57% of the whole sample, we suggest that tidal encounters play an important role for the lopsidedness of disc galaxies. The detection of companions and H i clouds in the near vicinity of the here studied galaxies supports this scenario. In addition, gas accretion as well as ram pressure from the intergalactic medium could also play a role for the origin of lopsidedness, as, e.g., simulated by Mapelli et al. (2008) . From a comparison with NGC 891 they find that in this particular galaxy tidal interaction seems to be the dominant process for generating lopsidedness.
Our data confirm the results by Huchtmeier (1975) of an offset of receding and approaching sides larger than 20 km s −1 . In fact, our sample galaxies often reveal offsets as large as 50 km s −1 . We now want to check how well kin represents the observed asymmetries in the velocity fields. Therefore, we concentrate on our example galaxies displayed in Fig. 2 and compare the differences of the rotation curves of receding and approaching halves with the perturbation parameter in the lopsided potential. In UGC 6446, the rotation velocities of receding and approaching sides are in very good agreement at all radii. Not surprisingly, the value of kin is close to zero. In UGC 9211, kin is clearly below the mean. However, the parameter does not account for the large discrepancies in the very outer parts of the galaxy. For UGC 2080, kin is very high, which reflects very nicely the constant, large difference between receding and approaching side. The inner parts of UGC 8863 show large differences in the rotation velocities of receding and approaching side. The perturbation parameter in the potential, however, is far below the mean because the velocities were averaged over the plateau where the differences are small. UGC 7353 does not have a clearly defined plateau. The maximum rotation velocities were taken from the first maximum of the rotation curves where receding and approaching sides differ only slightly. Therefore, the perturbation parameter in the potential is small, although large distortions are visible both in the very inner and very outer parts of the galaxy.
Taking into account the results for all sample galaxies, we conclude that kin is a very reliable parameter if a galaxy is globally distorted or not distorted at all. As the maximum rotation velocities are taken from a limited radial range (where the rotation curves reach their maximum), local distortions are either not included or overestimated, depending on whether we have a Type 4 or Type 3 galaxy. In about 20% of all sample galaxies, the H i content does not extend much further out than R 25 so that the maximum rotation velocities were averaged over a radial range within R 25 . In all other galaxies, the maximum rotation velocities were measured at radii beyond R 25 .
Summarised, it can be said that the best way to quantify the kinematic lopsidedness is a comparison of the rotation curves of receding and approaching sides.
As mentioned in the introduction, the main assumption about deriving rotation curves is that they are azimuthally symmetric, which results in a symmetric mass distribution. However, as our analysis shows, there can be huge deviations between the rotation curves extracted from the receding and approaching sides. We obtained rotation curves of a sample of 70 spiral and irregular galaxies selected from the WHISP survey by performing a tilted-ring analysis of the H i data. We looked at receding and approaching sides separately and discussed the differences in the velocities. The galaxies can be divided into five different types with respect to the behaviour of the rotation curves of receding and approaching sides and indicate symmetric velocity fields, global distortions or local distortions at different radii. The most common types are Type 2 where the velocities of receding and approaching sides show a constant offset over all radii, often as high as 50 km s −1 , and Type 5 where the curves of receding and approaching sides change sides. Both types of galaxies are either members of a group of close companions, or have a close companion of higher or lower mass or an H i cloud nearby. We suggest that these global distortions are the result of the disc response to a halo that was distorted by a tidal encounter.
Furthermore, we calculated the perturbation parameter for the lopsided potential from the kinematic asymmetry, kin , which gave us a mean value of about 0.056 (averaged over all sample galaxies). However, this parameter either under-or overestimates lopsidedness if there are local distortions.
In order to quantify lopsidedness at all radii and to get a better idea of its physical origin(s), a more detailed study of lopsidedness has to be carried out. Morphological lopsidedness can easily be measured on all scales. A detailed study of the morphological lopsidedness will allow us to shed some light on the mechanisms that lead to lopsidedness in general. This analysis will be done in Paper II. Fig. A.1 . The rotation curves of all sample galaxies extracted from the receding (red), approaching (blue), and a combination of both sides (black).
